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ABSTRACT 

We are conducting a large program to classify newl y discov ered Milky Way star cluster 
candidates from the list of Froebrich, Scholz & Raftery (l2007b|) . Here we present deep NIR 
follow-up observations from ESO/NTT of 14 star cluster candidates. We show that the com- 
bined analysis of star density maps and colour-colour/magnitude diagrams derived from deep 
near-infrared imaging is a viable tool to reliably classify new stellar clusters. This allowed us 
to identify two young clusters with massive stars, three intermediate age open clusters, and 
two globular cluster candidates among our targets. The remaining seven objects are unlikely 
to be stellar clusters. Among them is the object FSR 1767 which has previously been identified 
as a globular cluster using 2MASS data by Bonatto et al. (l2007l) . Our new analysis shows that 
FSR 1767 is not a star cluster. We also summarise the currently available follow-up analysis 
of the FSR candidates and conclude that this catalogue may contain a large number of new 
stellar clusters, probably dominated by old open clusters. 
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1 INTRODUCTION 

Star clusters are the building blocks of the stellar component of 
galaxies. Identifying and characterising clusters is thus a crucial 
step for our understanding of structure formation and mass assem- 
bly in the Milky Way. The benefits of wide-field studies of stellar 
clusters are twofold: 

i) Open clusters are currently the most important sites of star 
formation and early stellar evolution. In particular, the formation of 
massive stars is intrinsically linked to the formation of star clusters. 
For example, the cluster mass is thought to correlate with t he ma ss 
of the most massive star in the cluster (Weidner & Kroupa 
Investigating age spread, morphology, and mass segregation in a 
large sample of young open clusters has the potential to put lim- 
its on mo dels for massive star formation (see review by Beuther et 
al. Emh ). Furthermore, by probing the distribution of masses in 
a diverse sample of clusters allows us to constrain the impact of 
environment on the outcome of star formation and to probe the di- 
versity and the origin of the Initial Mass Function - fundamental 
pro blems in current star formation theory (see review by Bonnell et 
al. tOOH) ). 

As open clusters dissolve, the stars migrate into the field. 
Therefore, the study of old open clusters can shed light on the 
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timescales for cluster disruption and the underlying physical pro- 
cesses such as tidal interactions with giant molecular clouds, evap- 
oration of low-mass objects, mass loss due to stellar evolution, as 
well as mass segregation. The currently known sam ple of o ld open 
clusters is very incomplete (e.g. Bonatto & Bica (l2007bh ). It is 
hence an important task to enlarge the sample of known and well 
classified galactic open clusters. 

ii) Cluster surveys have the potential to discover new Globular 
Clusters (GC), a particular interesting avenue given the outs tandin g 
importance of this type of cluster. As emphasised by Harris (Il996l) . 
Milky Way GCs have proven throughout the last century to be "irre- 
placeable objects in an amazingly wide range of astrophysical stud- 
ies". The most important issue is the continuing debate about the 
key processes in galaxy formation and evolution. GCs have been 
considered for many years to be the most valuable tracers of the 
oldest stellar population in our galaxy. 

Recent advances point to a complex picture of the genesis of 
our Galaxy, driven by a mixture of processes including rapid proto- 
galactic collapse, accretion, cannibalism, galaxy collisions, and star 
bursts. The rich source of historical details provided by the (inho- 
mogeneous) Milky Way GC system is among the most pr omisin g 
approaches to disentangle the many processes (West et al. 
A complete census of the Milky Way GC system is therefore very 
important. More recently, a few examples of new GC classes were 
detected in nearby galaxies: the so-called FF ('faintfuzzies') clus- 
ters in two lenticular galaxies (Brodie & Larsen even more 
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extended GCs in the halo of M31 (Huxoret al. (l2005h ). very mas- 
sive GCs in NGC 5 128 (Martini & Ho (l2004h ) and ultracompact ob- 
jects (perhaps bridging the gap in parameter space to dwarf galax- 
ies) in the Fornax cluster (Mieske et al. ( 2002; 2004$)). There are no 
known analogues for such unusual GCs in our galaxy where they 
should have been discovered unless they are hidden by dust in the 
classical 'Zone of Avoidance', the least complete area for the Milky 
Way GC sample. 

Recent studies suggest that the currently kn own sa mple of 
Milky Way GCs is incomplete (see Bonatto et al. (l2007h or Bica 
et al. ([2003)), particularly at the low-luminosity end (the Palomar- 
type GCs). The number of missing GCs close to the Galactic Plane 
(\z\ < 0.5 kpc) and within 3 kpc fron i the G alactic Centre has been 
estimated to 10 ± 3 (Ivanov et al. (l2005h ). 

Driven by the aforementioned science goals, we have recently 
carried out a systematic large-scale cluster survey based on star 
density ma ps deriv ed from the 2MASS database (Froebrich, Scholz 
& Raftery (i2007bh . hereafter FSR). The FSR survey covers the en- 
tire Galactic Plane (\b\ < 20°) and detected a total number of 1788 
potential star clusters, from which 767 have been known before- 
hand and 1021 are unknown cluster candidates. The contamination 
of those candidates has been estimated to be about 50 %, indicating 
that the catalogue may contain up to 500 new star clusters. 

In particular, the FSR survey revealed several promising GC 
candidates in the Zone of Avoidance. Four of the m have b een dis - 
cussed alre ady in detail elsewhere (Froebrich et al (12007 ah . (l2008h : 
Bica et al. ilOOH) , Bonatto et al. (|2007)). Given the small number 
150) of known galactic GCs on the one hand and the diversity 
of the GC species on the other hand (see above), every new GC is 
of value. 

In this paper, we present detailed follow-up analysis for 14 
cluster candidates from the FSR survey, selected to be among the 
best candidates for new GCs. The paper is structured as follows. In 
Sect.O we present our new observations and the reduction of the 
data. The detailed analysis and results for each individual cluster, 
including the appearance of the cluster, the contamination with field 
stars and the isochrone fitting to determine the cluster properties are 
presented in Sect.|3] Finally in Sect.|4]we discuss and conclude our 
findings. 



2 DATA ANALYSIS 
2.1 Cluster Selection 

We have selected a number of cluster candidates from the FSR list 
for further follow up investigation. Originally 15 cluster candidates 
were selected, 14 of which have been observed and the results are 
presented in this paper. About half of the selected candidates were 
pos sible gl obular clusters according to the analysis in Froebrich et 
al. (l2007bh . The remainder of the objects where selected because 
of their interesting appearance in the 2MASS images. Since the 
analysis of the cluster properties was refined after the target se- 
lection for the observations, only four of the targets are still con- 
sidered to be potential globular cluster candidates in the FSR list. 
These are FSR 0002, 0089, 1716, and 1767. Analysis of 2MASS 
data for three of o ur targets has been published (FSR 0089 - Bon- 
atto & Bica O007b) : FSR 1754 - Bica et al. (2008); FSR 1767 - 
Bonatto et al. (l2007h ). FSR 0089 was classified as a 1 Gyr old open 
cluster, FSR 1754 as an uncertain case with two apparent main se- 
quences, and FSR 1767 as a nearby Palomar type globular cluster. 
Another selected cluster candidate (FSR 1570 or Teutsch 143a) has 



been published by Pasquali et al. (l2006h just before the final ver- 
sion of the FSR list was compiled, and is hence not in the FSR list. 
The cluster is very young (slightly older than 4 Myr) and contains 
the luminous blue variable star WRA 75 1 . The remaining cluster 
candidates (FSR 0088, 0094, 1527, 1530, 1659, 1712, 1716) are in- 
vestigated here for the first time in detail. Our data for FSR 1735 
has already been published in Froebrich et al. (2007a). The object 
is most likely a globular cluster in the inner Milky Way. For com- 
pleteness reasons we have added a short analysis of FSR 1735 in 
this paper as well. 

2.2 Data 

Observations have been performed in service mode using SofI at 
the NTT for the project ESO077.B-0074(A). We observed each 
cluster candidate in J, H, and K with a pixel scale of 0.288". An 
eight point mosaic in the cluster candidate area was observed to 
cover a large enough control field in the vicinity. The candidate area 
was observed at the beginning and end of each mosaic, ensuring 
twice the per pixel integration time in the cluster candidate area. 
The per pixel integration time in each filter was 225 s. In general the 
observing conditions were clear or thin cirrus was present. In a few 
cases the cirrus was more thick and hence the per pixel integration 
time was doubled. Only for object FSR 0002 variable conditions 
occurred during the observations in the K band (see Sect. l3.1l ). The 
mosaics cover in total an area of about 1 1 .7'xl 1 .7' , with the corners 
and the centre missing. 

Standard NIR data reduction procedures were followed when 
creating the mosaics. Sky flats were used for flat-fielding and the 
xdimsum task in IRAlO was used for sky- subtraction and mosaic- 
ing. The average seeing FWHM in the final co-added JHK frames is 
between 2.5 and 3.0 pixels, corresponding to 0.7" to 0.85". This re- 
sults in many regions in a severe crowding due to the high star den- 
sity. Therefore, the completeness limit of the photometry is highly 
variable from cluster candidate to cluster candidate. The complete- 
ness limits and photometric uncertainties for each cluster candidate 
will be shown and discussed individually in Sect[3] 

2.3 Photometry 

For source detection and photom etry we used the SExtractor soft- 
ware (Bertin & Arnouts (ll99d)). Due to the high star density in 
most fields, the limiting factor for the photometry is the confusion 
limit. Calibration of the images was performed using the wealth of 
2MASS sources available in each field. The rms scatter occurring 
when comparing the 2MASS photometry with our measurements 
is rather large, in the order of 0.1 mag. This is mostly caused by our 
much better spatial resolution and the high star density in the im- 
ages. Hence, our photometric uncertainties are also at least 0.1 mag. 

Furthermore, bright stars in the images are saturated and hence 
their photometry is unreliable. The saturation starts for stars with a 
brightness between 10 and 11 mag, depending on the weather con- 
ditions and/or the seeing. At brighter magnitudes we therefore ap- 
ply a separate fit of the 2MASS colours to our measured bright- 
nesses for calibration. Still, the magnitudes become increasingly 
unreliable for brighter stars. 

^ TRAP is distributed by the National Optical Astronomy Observatories, 
which are operated by the Association of Universities for Research in 
Astronomy, Inc., under cooperative agreement with the National Science 
Foundation. 
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2.4 Star Density Maps 

To assess the amount of stellar overdensity in the areas of the clus- 
ter candidates we created for each of the observed mosaics a star 
density map (SDM). For this we have used only the stars in the 
field with reliable photometry (quality flag of less than 4 from the 
SExtractor software) in all three bands. The SDM maps have a pixel 
size of 30" and the pixel values indicate the star density. It is de- 
termined by measuring the distance to the 50th nearest neighboring 
star and converting this to the star density. The combination of pix- 
elsize and 50th nearest neighbour was chosen because of the typical 
star densities (10.. 20 stars/arcmin^ with reliable photometry) in our 
images and the sizes of the cluster candidates. A typical cluster can- 
didate should show up as a stellar overdensity in the SDMs with an 
extend of up to 3x3 pixels, corresponding to a radius of about 45". 

The SDMs presented here show the star density in gray-scale. 
White corresponds to the lowest density and dark to the highest. 
Areas that are not covered by the mosaic or where the distance 
to the 50th nearest neighbour is above a set threshold are shown 
in black. The scaling of the pixel values from black to white is 
linear but different in each of the maps for the individual cluster 
candidates. This has been done to enhance as much as possible the 
contrast between the cluster candidate and control area. Since we 
are only interested in the relative change of the star density within 
an image, we will not note the maximum and minimum values for 
each image. 

2.5 Relative Extinction Maps 

Based on the SDMs, we have also created relative extinction maps 
(REM) for each of the mosaics. We used the same pixel size for 
these maps as in the SDMs. The relative extinction value is deter- 
mined using the 50 nearest stars to the centre of each pixel. Two 
maps of the median J— H and H— K colour excess of these stars 
with respect to the field without cluster stars are determined. This 
colour excess is converted into optical extinction and both maps are 
averaged to obtain the final REM (see e.g. Froebrich et al. 12007q) 
for the conversion factors). 

The presentation of the extinction values is done in gray- scale, 
with high extinction values in white and low extinction in black. 
Again, areas that are not covered by the mosaic, or were the dis- 
tance to the 50th nearest neighbour is above a certain threshold, are 
shown in black. The scaling of extinction values is linear and, as 
for the SDMs, different in each of the maps to enhance as much as 
possible the contrast in each case. Since we are only interested in 
the relative extinction values within an image, we will not note the 
maximum and minimum values in each case. 

Together, the SDMs and REMs are used during the analysis of 
the cluster candidates to decide which area of the mosaic is to be 
chosen as control field. 

2.6 Decontamination of Foreground and Background Stars 

The cluster candidates observed in this project are all situated close 
to the Galactic Plane and/or the Galactic Centre. Hence, to anal- 
yse the potential clusters we need to decontaminate the cluster field 
from foreground and background stars. We used the technique de- 
scribed in Bonatto & Bica (2007a). It counts the stars per unit area 
in cells of J-band magnitude and J— H and J— K colour in the clus- 
ter and the control field. Stars are then randomly removed from 
the cluster field according to the difference in the stellar densi- 
ties in these cells. The combination of J-band magnitude and J— H 



and J— K colour is the optimum choice to decontamin ate clu s- 
ter main sequences in crowded fields (Bonatto & Bica (l2007ah ). 
The size of the cells was varied depending on the number of stars 
in the field. Typical values for the cell sizes are AJ = 0.5mag, 
A(J-H) = 0.2 mag, and A(J-K) = 0.2 mag. 

The correct choice of control field is obviously important for 
an as accurate as possible decontamination. For each cluster candi- 
date we carefully examined the SDMs, REMs, and colour images 
created for each field. Control field regions were chosen so that 
they: i) are as close as possible to the cluster; ii) are as large as 
possible; iii) have no apparently higher or lower extinction values 
than regions close to the cluster candidate. This ensures that the 
control field has a foreground and background population of stars 
which is as similar to the cluster field as possible and contains a 
large enough number of stars for a sufficiently accurate statistics. 

In regions where the choice of control field was difficult due 
to variable extinction, we compared the decontamination procedure 
using different control fields to ensure our choice does not influence 
the decontamination. In the detailed analysis of our cluster candi- 
dates in Sect.[3l we indicate the choice and reasons for the control 
field selection in each case. We also repeated the random decon- 
tamination process several times for each particular control field, 
to ensure that remaining features are real and not just due to the 
random nature of the process. 

2.7 Colour Magnitude Diagrams 

To analyse our cluster candidates in detail, we used the decontam- 
inated J— K vs. K colour magnitude diagrams (CMD). The plotted 
datapoints remained in the area of the cluster after one particular 
realisation of the decontamination process. The solid red line in the 
diagrams indicates the completeness limit of the photometry. It is 
calculated as the peak in the luminosity function of the stars in the 
cluster area in each band. The completeness limit changes signif- 
icantly depending on the crowding in the field and the observing 
conditions (as indicated above in Sect. l2.21 ). In some diagrams we 
plot two completeness limits. In these cases the upper one corre- 
sponds to the 2MASS limit in that area, the lower one represents 
our new data. This shows the improvement of our data compared 
to 2MASS and helps comparing our analysis to already published 
work on some of the cluster candidates. The solid black line is the 
best fitting isochro ne to t he cluster candidate. Isochrones are taken 
from Girardi et al. (l2002h . 



2.8 Colour Colour Diagrams 

As a second tool to analyse the cluster candidates we use decon- 
taminated H— K vs J— H colour colour diagrams (CCD). They show 
the same stars (in the same colouring and symbols) as the CMDs. 
Overplotted are the best fitting isochrone (solid black) as well as 
the same isochrone without extinction (dashed black) to indicate 
where un-reddened main sequence and giant stars are located. The 
reddening path for stars is also shown, enclosed by the two straight 
solid black lines. The slope of the reddening path is determined us- 
ing A\ oc and the effective wavelength of the 2MASS filterfl 
the system our brightnesses are calibrated in. If not mentioned oth- 
erwise, we use a standard value of j3= 1.6. 



2 Aj = 1.235)Lim, \h = 1.662)Lim, Xk = 2.159//m from 
|http://www.ipac.caltech.edu/2mass/releases/allsky/doc/explsup.html| 
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2.9 Isochrone Fitting 

To confirm the nature of the cluster candidates as real star clusters, 
and if so, to determine their main parameters, such as distance, age, 
redde ning, and metallicity we use model isochrones from Girardi 
et al. (l2002h . They are overplotted into the CMDs and CCDs of the 
individual decontaminated cluster fields. We varied the isochrone 
parameters (age, metallicity) as well as the 'environmental' param- 
eters (distance, reddening, P) until a simultaneous fit of both dia- 
grams was found. Parameters of the best 'by-eye' fit are then taken 
as the cluster properties. In some cases a range of parameters can 
lead to a satisfying fit, and hence the cluster parameters cannot be 
determined accurately. These uncertainties are discussed separately 
for the individual objects. 



2.10 Radial Star Density Profiles 

For all objects that we classified as stellar cluster, we determined 
radial star density profiles (RDP) in order to determine their size. 
We used the decontaminated photometry to determine the RDPs, 
because this will limit statistical noise from foreground and back- 
ground stars, which is significant in most cases due to the po- 
sition of the clusters near the Galactic Plane. To determine the 
radius of the cluster, we need to obtain the RDP out to a large 
enough radius. Hence the decontamination has to be done for a 
large field around the cluster centre. In contrast, the decontamina- 
tion used for the classification of the cluster candidate via CMDs 
and CCDs only used the central part of the candidate, to min- 
imise the number of remaining foreground and background stars. 
The determined RDPs are fit using a King like profile of the form 
cr(r) = ab -\- cro/(l + (r/rc)"^), where at is the density of fore- 
ground and background stars remaining after the decontamination 
of the large field, ctq the central star density of the cluster, and rc 
the core radius. See Sect.lHfor a discussion of the uncertainties in 
the determined parameters. 



3 RESULTS 

In the following section we will discuss in detail our results for 
each of the cluster candidates using the above described SDMs, 
REMs, CMDs, and CCDs. Together with the isochrone fitting and 
additional information, the plots will be used to classify the objects 
as a star cluster or not, and to determine its parameters. A summary 
of the main classification results and the parameters can be found 
in TablelH 



3.1 FSR0002 

The visual inspection of the cluster candidate image gives the im- 
pression of a homogeneous field of stars. This is confirmed by the 
SDM (top left panel in Fig.[T]), which shows only small variations 
in the star density. The REM, however, shows large systematic dif- 
ferences in the colours of the stars from one side of the mosaic to 
the other. These differences show indications of the positions of the 
individual frames in the mosaic. It turns out that in this case some 
of the images in the K-band mosaic have been taken during cloudy 
conditions. Since the entire mosaic is calibrated against 2MASS 
sources in the field, the colours of all stars observed under cloudy 
conditions are systematically wrong. The calibration of the pho- 
tometry with 2MASS was done using only stars in the western half 
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Figure 1. Top Left: SDM in the area of FSR0002, obtained for all stars 
with reliable photometry in all three bands. Bright colours correspond to 
low star density and dark colours to high star density. The image size is 
12'xl2'. The circle indicates the cluster area. Top Right: Same scale im- 
age of the REM of the area around the cluster candidate FSR 0002 obtained 
from colour excess calculations. Bottom Left: One realisation of the de- 
contaminated CMD. The black solid line indicates the best fitting isochrone 
(log(age) = 9.7, for other parameters see text) and the red Hne shows the 
completeness limit of the data. Bottom Right: Decontaminated CCD for 
FSR 0002. The best fitting isochrone is shown as solid line and its unred- 
dened position as dashed line. The reddening path is indicated by the two 
straight solid lines, the colouring of the symbols is the same as in the CMD. 



of the mosaic to ensure an accurate calibration for the largest part 
of the field. 

Given the problems with the K-band data, we have selected a 
control field in the western part of the mosaic. The decontamina- 
tion leaves a number of stars, which in principle could be fit as a 
RGB/AGB of a cluster of stars. Depending on the exact position 
of the control field, however, a highly variable number of stars re- 
mains. There are about 1000 stars in the cluster region and depend- 
ing on the choice of the control field, between 25 and 140 remain 
- a very small and variable fraction. Moreover, the CMDs of the 
cluster and any control field are extremely similar and resemble a 
RGB/AGB of a cluster as well. 

In Fig.[T]we show one realisation of the decontamination in 
the CMD and CCD. Stars are represented by two different sym- 
bols/colours to facilitate the identification of groups of stars in 
both diagrams (i.e. distinguish between bright and faint main se- 
quence/giant stars in the CCD). The overplotted isochrone has the 
parameters: Z = 0.019, log(age) = 9.7, d = 15 kpc, Ak = 0.65 mag. 
The only possibility to fit both diagrams simultaneously is to use a 
high metallicity and old age. Lower metallicity isochrones require 
a higher extinction to fit the CMD and hence the CCD will not be 
fit, except assuming very unreasonable dust properties with f3 much 
less than 1.6. Given our data analysis discussed above, we conclude 
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Figure 2. As Fig. □ but for the cluster candidate FSR 0023. The plot- 
ted isochrone has log(age) = 10. See text for other parameters. Clearly no 
isochrone can fit all the data. 

that it is highly unlikely that the cluster candidate FSR 0002 is a star 
cluster. 

3.2 FSR 0023 

The image of the region around the cluster candidate FSR 0023 
shows no apparent cluster, as well as no significant changes of the 
star density. This is confirmed by the SDM. Only a slight underden- 
sity towards the northern and western edges of the mosaic is seen. 
Similarly, the REM shows higher extinction values in the same re- 
gions. The lower star density and higher extinction hint that these 
areas are influenced by a cloud of gas and dust. Nevertheless, these 
regions cover only a small fraction of the entire mosaic, and we 
have therefore chosen as control field the entire area outside the 
cluster field. Choosing a smaller control field outside the cloud area 
in the east or south of the mosaic does not change the results. 

Only a small fraction of about 10% of the stars remain after 
the decontamination procedure. In the CCD and CMD it is not pos- 
sible to reliably fit the remaining objects by a single isochrone with 
plausible parameters. In Fig.|2]we show one realisation of the de- 
contamination with an isochrone overplotted. The parameters of the 
isochrone are: Z = 0.019, log(age) = 10, d = 450pc, AK = 0.9mag. 
Again, as for FSR 0002 one needs a high metallicity old isochrone 
to fit the data. Given these implausible parameters, the bad agree- 
ment of any isochrone with the data, and the small number of stars 
remaining after the decontamination, we conclude that FSR 0023 is 
not a star cluster. 

3.3 FSR 0088 

The image of FSR 0088 shows nothing that looks like a cluster of 
stars. There seems to be a very slight overdensity of stars in the 




Figure 3. As Fig.[T]but for the cluster candidate FSR 0088. The plotted 
isochrone has log(age) = 8.7. See text for other parameters. 

region around the cluster candidate, which is tentatively seen in 
the SDM (see Fig.[3]). The REM of the entire field also shows no 
significant systematic differences. There are fluctuation in the map 
with a standard deviation of about 0.6 mag of optical extinction. 
These are, however, distributed in the entire mosaic and we thus 
use the entire area outside the cluster as the control field. 

There is a large number of stars remaining after the decontam- 
ination procedure (about 25 % of the stars in the region around the 
cluster candidate). They are aligned along a main sequence in the 
CMD and the CCD. The brighter objects are located near the bot- 
tom edge of the reddening path in the CCD, indicating that those 
objects are stars of spectral type A. There are no or only individ- 
ual giant branch stars remaining after the decontamination. Hence, 
there is no possibility to deduce the metallicity. The position of the 
cluster inside the solar circle and its apparent young/intermediate 
age, however, justifies the assumption of at least solar metallicity. 
Assuming slightly higher or lower metallicities does not change 
any of the following results. 

We have fit an isochrone to the stars (see Fig.[3]), using the up- 
per end of the main sequence and its shape in the CMD to constrain 
the cluster parameters. Furthermore, the distribution of the stars in 
the CCD was used to determine the dust properties. We find that 
the best fit can be achieved with /3 = 1.6, an age of 500 Myr, a K- 
band extinction of 0.5 mag, and a distance of 2.0 kpc. The uncer- 
tainty for the age is about 60 % . The distance can be estimated 
within 300 pc, and the reddening within 0.05 mag K-band ex- 
tinction. Outside these ranges the isochrones will clearly not fit 
the CMD and CCD simultaneously. The age of 0.5 Gyr means, 
that stars with masses of about 2.7 solar masses have just left the 
main sequence. These are stars of spectral type A-F, in agreement 
with the low J— H colours seen of those objects in the CCD. 

The fact that we see no clear cluster in the image, nor a signif- 
icant star density enhancement in the nearest neighbour map, could 
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Figure 4. As Fig.[T]but for the cluster candidate FSR0088. The plotted 
isochrone has log(age) =9. See text for other parameters. The upper com- 
pleteness limit in the CMD indicates the 2MASS limit. 



Figure 5. As Fig. [T] but for the cluster candidate FSR0094. The plot- 
ted isochrone has log(age)=9. See text for other parameters. Clearly no 
isochrone can fit all the data. 



be due to the fact that we see a cluster in the process of dissolving 
into the field star population, which is certainly in agreement with 
the determined age. The RDP is very noisy and strongly depends 
on which realisation of the decontamination is used (see Fig. lBll for 
one example). It is hence not possible to measure the cluster size 
accurately enough. 

3.4 FSR0089 

The image of the cluster candidate shows a slight overdensity of 
stars, especially the number of brighter stars seems to be slightly 
higher. This is confirmed in the SDM (see Fig.]?]), which shows a 
higher concentration of stars in the cluster area. The REM of the 
mosaic shows a dip in the extinction at the position of the cluster. 
The Av values in the cluster candidate area are about 2 mag lower 
than in the surrounding field. This either means that the stars in 
the cluster area are on average closer to Earth and hence bluer, the 
increased number of stars is caused by lower extinction at the po- 
sition of the cluster candidates, or the cluster stars are intrinsically 
bluer than the surrounding field stars. 

The 2MASS p hotome try of this object has been investigated 
in Bonatto & Bica (l2007bh . They classified it as a stellar cluster 
with an age of 1 Gyr, a distance of 2.2 kpc, and a reddening corre- 
sponding to Av =9.1 mag. The data presented here for the object 
is of much better spatial resolution than the 2MASS photometry, 
and about 1 mag deeper (see e.g. the difference in the complete- 
ness lim its shown in Fig.|4]). If the interpretation of Bonatto & Bica 
(l2007bh is correct, an isochrone with their parameters should fit the 
new data as well. 

In the decontaminated CMD of our data we have two groups 
of stars (about 30 % of the stars in the cluster area remain). One 
can be identified as giant stars and the other one as main sequence 



objects in a star cluster. We have overplotted our and the 2MASS 
observational limits in Fig.lHto show the differences in the data. 
We have overplotte d in the CMD an isochrone corresponding to 
the Bonatto & Bica (l2007bh parameters. As can be seen the deeper 
data still agrees with the parameters found using the 2MASS pho- 
tometry. We detect more of the main sequence stars, which are too 
faint for 2MASS. Our best fit to both, the CMD and CCD requires 
Z = 0.019, /3 = 1 .6, log(age) = 9, d = 2.2 kpc, and A^ = 1 .0 mag. Due 
to the presence of main sequence and giant stars we can es- 
timate the age within 30 %. The distance is accurate within 
300 pc and the reddening within 0.05 mag K-band extinction. 
Similar to FSR0088, the RDP is noisy and variable. Hence no ra- 
dius can be determined. Note that Bonatto & Bica (,2007b,) find a 
core radius of about 0.4 pc for this object. 

There is, however, a minor detail in the data that the isochrone 
cannot fit: In the CCD the scatter in colours of the main sequence 
stars seems to point towards smaller colours, while the scatter in 
colour of the red giants points towards larger colours. A similar 
behavior, fainter stars in a cluster candidate seem to show lower 
extinction than brighter stars in the same candidate, can also be 
seen in some other examples (see below: FSR1712, 1735). As a 
possible reason we have identified the calibration of our photom- 
etry with 2MASS data. Additionally to the large scatter of about 
0. 1 mag of the residuals in the calibration, there are some cases 
with even larger discrepancies for fainter magnitudes. In the case of 
FSR0089, about 1/3 of the stars fainter than 12 mag in the K-band 
seem to be shifted by about 0.05 mag towards fainter magnitudes 
compared to 2MASS. This will not influence the decontamination 
procedure, since the colour-magnitude cells are chosen much larger 
than this, but it will show up in the CCDs. 
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Figure 6. As Fig.[T] but for the cluster candidate FSR 1527. The plot- 
ted isochrone has log(age) = 9. See text for other parameters. Clearly no 
isochrone can fit all the data. 

3.5 FSR 0094 

The image of FSR 0094 seems to show a clear indication of an en- 
hanced star density in the area of the cluster candidate. This is also 
apparent in the SDM (see Fig.[5l). The REM shows that the western 
and southern part of the mosaic suffer from an increased amount of 
extinction compared to the area of the cluster. We have thus chosen 
the eastern part of the mosaic as the control area. 

The stars remaining (up to 20 %) after the decontamination in 
the CMD and CCD clearly follow a distribution that cannot be fit 
by a single isochrone. Rather a range of extinction values and dis- 
tances is needed. Hence, we conclude that FSR 0094 is not a cluster 
of stars. The isochrone in Fig.[5]is just plotted to clarify our argu- 
ment that it cannot fit the data, and has the following parameters: 
Z = 0.019, /3= 1.6, log(age) = 9, d = 2.0kpc, and Ar = 1.0 mag. 

3.6 FSR 1527 

There is an indication of a cluster in the image of this region, which 
seems to come from a slightly larger number of brighter stars. The 
SDM also shows an increase in the stellar density at the position of 
the cluster candidate. In the REM we can identify that the south- 
ern and western side of the mosaic are subject to a lower amount 
of extinction than the rest of the field (see Fig.[6l). We therefore 
choose the north-eastern part (outside the cluster candidate area) of 
the mosaic as control field. 

The remaining stars after the decontamination (about 25 %) 
could to some extend be explained by an isochrone in the CMD. 
However, the scatter of the stars along the reddening path in the 
CCD is inconsistent with this proposal, i.e. with a constant redden- 
ing for all cluster stars. We conclude, that FSR 1527 is not a clus- 
ter. The isochrone in Fig.[6lis plotted to clarify our argument that 
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Figure 7. As Fig.[T]but for the cluster candidate FSR 1530. The plotted 
isochrone has log(age) = 6.6. See text for other parameters. 



it cannot fit the data, and has the following parameters: Z = 0.019, 
(3=1.6, log(age) = 9, d = 3.0 kpc, and Ak = 1 .0 mag. 



3.7 FSR 1530 

The image of the cluster candidate area shows a clear enhancement 
of the density of stars, centred on a very bright object. This is con- 
firmed by the SDM which has a clear indication of an overdensity 
of stars at the cluster candidate position. The REM shows that the 
southern half of the field is slightly less influenced by extinction. 
Therefore, we positioned the control field just west of the cluster 
candidate area. Furthermore, at the position of the cluster, the me- 
dian colour of the stars is much redder than in the field, indicating 
a population of young stars, i.e. the presence of a young cluster. 

The stars remaining after the decontamination (about 50 %) 
can be fit with an isochrone of a young cluster (see Fig.[7]). The 
upper main sequence stars form a very compact group in the CCD 
with colours lying on the bottom of the reddening path, indicating 
spectral types earlier than AO. The other stars can be interpreted 
as lower mass, (pre-main sequence) objects. The best isochrone 
fit can be achieved using solar metallicity, an age of 4 Myr, a dis- 
tance of 2.5 kpc, and Ar = 0.9 mag. It is not fully possible to fit 
the lower mass main sequence stars in the CCD perfectly using 
this isochrone. The reason might be that a lower age is required, 
but Girardi et al. (l2002h do not provide isochrones for younger 
populations. As the age is small and possibly an upper limit, 
the determined distance is also rather uncertain. A range from 
2.0 to 3.5 kpc would fit the data. The K-band extinction is un- 
certain by 0.05 mag. The RDP is slightly hampered by the pres- 
ence of the bright star in the cluster centre. However, the profile 
(Fig. lB3l ) shows a small concentrated cluster with a core radius of 
about 0.15 pc. 
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Figure 8. As Fig.[T]but for the cluster candidate FSR1570. The plotted 
isochrone has log(age) = 6.9. See text for other parameters. The + in the 
CMD indicates the WRA751 as measured by 2MASS. 

We have remeasured the central coordinates of the cluster in 
our deeper images. The central coordinates are RA= 10:08:58.3, 
DEC = -57: 17: 11 (J2000), about half an arcminute away from the 
values siven in Froebrich et al. (l2007bh . The brightest star in the 
cluster area, [M81] 1-296, projected close to the central coordinates 
is identified as an emission line star. Its 2MASS colours and 
brightness are K = 7.31 mag and J— K= 1.22 mag, possibly making 
it a high mass cluster member. 

3.8 FSR1570 

The image shows a clear concentrated cluster of stars around a very 
bright star. This is also evident in the SDM. The REM shows that 
the colours of the stars in the cluster are much redder than in the 
surrounding field. This indicates a young cluster. The surrounding 
field shows no significant fluctuations (less than 0.35 mag Ay) in 
the stellar colours, hence the entire area outside the cluster is used 
as a control field. 

The cluster is known as Teutsch 143a and has b een investi- 
gated with optical photometry by Pasquali et al. (l2006h . who iden- 
tified it as the birth cluster of the galactic luminous blue variable 
WRA751. The authors determine a distance of 6kpc, an extinction 
of Av = 6.1 mag, and an age of above 4 Myr. 

After the decontamination about 40 % of the stars remain in 
the cluster field. Using f3=\.6 and an extinction of Ax = 0.8 mag, 
we can fit the remaining stars with an 8 Myr isochrone at a distance 
of 6 kpc (see Fig.[8l in the CMD we have marked with a + the posi- 
tion of WRA751 obtained from 2MASS photometry since the star 
is saturated in our images). The bright main sequence stars are all 
located at the bottom of the reddening path, and are thu s of sp ectral 
type earlier than AO, in agreement with Pasquali et al. (l2006h who 
identified 24 stars with spectral types earlier than B3 in the cluster 
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Figure 9. As Fig.[T] but for the cluster candidate FSR 1659. The plot- 
ted isochrone has log(age)=9. See text for other parameters. Clearly no 
isochrone can fit all the data. 

region. As the duster is very young, the age estimate from the 
Girardi et al. (2002) isochrones is uncertain by a factor of two. 
The distance can be constrained within 1 kpc, and the K-band 
extinction within 0.05 mag. We have measured a core radius of 
about 0.35 pc for the cluster using the RDP in Fig. lB4l However, 
the profile is influenced by the presence of WRA 75 1 near the cen- 
tre, preventing the detection of stars nearby. 

3.9 FSR 1659 

The impression from the image of FSR 1659 is that there is an over- 
density of stars at the position of the cluster candidate. This is con- 
firmed in the SDM. However, as can be seen from the REM of the 
mosaic, the western and southern part of the area are influenced by 
increased amounts of extinction. Hence, the overdensity might just 
be caused by this effect. Therefore we have chosen the eastern part 
of the mosaic as the control field. 

After the decontamination about 30 % of the stars remain in 
the cluster candidate area. However, their distribution in the CMD 
and CCD (see Fig.|9]) cannot be fit by a single isochrone. The 
isochrone in Fig.[9]is plotted to clarify this argument and has the 
following parameters: Z = 0.019, f3=\.6, log(age) = 9, d = 2.0kpc, 
and Ak = 1.0 mag. We conclude that FSR 1659 is not a star cluster. 

3.10 FSR 1712 

The image of FSR 1712 shows clearly a concentrated cluster of 
stars. This is confirmed in the SDM. The REM (see Fig.[TO]) of the 
region shows that the south-western part of the mosaic suffers from 
an increased value of extinction. The rest of the field shows no sig- 
nificant fluctuations. We have chosen the western part of the mosaic 
as the control area. 



NTT follow-up observations of star cluster candidates from the FSR catalogue 9 




■ ■■■■■■ I - r ■ ■ 

I- . II-. 

Figure 10. As Fig.[T]but for the cluster candidate FSR 1712. The plotted 
isochrone has log(age) = 8.9. See text for other parameters. 



The decontamination procedure leaves about 40 % of the stars. 
They can be fit by a main sequence in the CMD (see Fig.fTo]). The 
brighter stars lie close to the bottom of the reddening path, hence 
should be stars of spectral type A of F. Since this implies a relatively 
recent formation and there are no or very few red giants to deter- 
mine the metallicity otherwise, we use solar metallicity isochrones. 

We can fit the main sequence in the CMD and CCD using 
(3 = 1.6, an age of 0.8 Gyr, a distance of 1.8 kpc, and an extinction 
of Ak =1.4 mag towards the cluster. There seem to be no or only 
a very small number of possible red giants in the cluster. Like for 
FSR 0088, they seem to be shifted towards slightly redder colours 
in the CCD. The reason in this case might be that these few objects 
are actually not related to the cluster and are background red gi- 
ants. This small number of giants also influences the accuracy 
of the age estimate, which is not better than a factor of two. 
The distance is accurate within 300 pc and the K-band extinc- 
tion within 0.1 mag. A core radius of 0.2 pc is found for the cluster 
(Fig. lBSl l, confirming the concentrated appearance in the picture. 

We have remeasured the central coordinates of the cluster in 
our deeper images. The central coordinates are RA= 15:54:46.3, 
DEC = -52:31:47 (J2000), about one and a half arcminute south of 
the values given in Froebrich et al. (2007b). There are two ROSAT 
sources about 4' north and south-east of the cluster. It is not known 
if they are related to the cluster, but there are in total only 3 ROSAT 
sources within half a degree around the cluster coordinates. 



3.11 FSR 1716 

The image of this object shows a clear overdensity of stars, which 
is also confirmed in the SDM. The REM shows no significant Ay 
fluctuation across the field, except in the cluster candidate region, 
where the average colour of the stars seems to be redder than in 
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Figure 11. As Fig.[T]but for the cluster candidate FSR 1716. The plotted 
isochrone has log(age) = 9.3. See text for other parameters. 



the surrounding field (the high extinction peak in the south-east 
is caused by a very bright star). The redder colour of stars in this 
area should be intrinsic to the stars, since it comes along with an 
increased star density, contradicting a locally enhanced extinction 
due to a small cloud, which would decrease the star density. We 
hence use the entire field except the cluster candidate region as con- 
trol area. 

After the decontamination about 30% of the stars remain. 
Their CMD can be interpreted as a well populated giant branch (see 
Fig.fTTT). There are two peaks in the K-band luminosity function 
(see Fig. lAll) . One at about K = 13. 1 mag, the other at K = 13.7 mag. 
We interpret the former as the core helium burning objects. Note, 
that if we choose the second peak as the core helium burning ob- 
jects, the determined distance to the cluster would increase by a 
factor of 1.3. The slope of the giant branch can be best fit using a 
metallicity of Z = 0.004. A lower metallicity results in a too steep 
slope of the RGB and a higher value in a too shallow slope. How- 
ever, a range of Z = 0.001 to 0.008 can in principle explain the 
data. The RGB stars also form a compact group in the CCD, where 
the brighter stars show a smaller scatter in the colours than the 
fainter stars, in agreement with the photometric uncertainties. 

We can fit an isochrone to the RGB in the CMD and CCD 
using the above mentioned metallicity, /3 = 1.6, a distance of 7 kpc, 
and an extinction of Ak =0.57 mag. Since we do not detect any 
main sequence stars we cannot determine the age of the cluster. If 
we use our completeness limit as an indicator for how faint the main 
sequence stars need to be in order that we cannot detect them, the 
age of the cluster has to be at least 2 Gyr. Virtually no change in the 
quality of the fit is seen when using ages of 10 Gyr or above. The 
core helium burning objects allow to estimate the cluster dis- 
tance within 500 pc. However, the upper limit for the age means 
that the cluster could be as close as 5 kpc (if the age is 12 Gyr). 
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Figure 12. As Fig.[T]but for the cluster candidate FSR 1735. The plotted 
isochrone has log(age) = 9.9. See text for other parameters. 



Figure 13. As Fig.[T]but for the cluster candidate FSR 1754. The plotted 
isochrone has log(age) = 9. See text for other parameters. 



As for the other clusters the K-band extinction is uncertain by 
0.05 mag. 

The well populated giant branch, its low metallicity and the 
clusters position close to the Galactic Center, suggest that this ob- 
ject might indeed be much older. It could well be another (Palo- 
mar ty pe?) globular cluster, similar to FSR 0190 (Froebrich et al. 
(l2008h ). The core radius of the object is determined to 0.9 pc using 



the RDP fFig.lB6l). 

We have remeasured the central coordinates of the cluster in 
our deeper images. The central coordinates are RA= 16:10:29.0, 
DEC = -53:44:48 (J2000), about one a rcminute north-east of the 
values siven in Froebrich et al. (l2007bh . There is an IRAS source 
(detected at 100 /xm only) about 2.7' south of the cluster centre 
which seems, however, unrelated to the cluster. 



3.12 FSR 1735 

Here we re-analyse the data of FSR 1735, a lready presented as a 
globular cluster candidate in Froebrich et al. (12007 ah . This is to en- 
sure a homogeneous analysis and interpretation of all the cluster 
candidates observed in this project. We re-analyse FSR 1735 using 
the entire field of observations, compared to just the small region 
around the cluster used in Froebrich et al. (2007a). The cluster im- 
age clearly shows a compact and populated cluster of stars. The 
SDM verifies this. In the REM we see that the colour of the stars in 
the cluster area is redder than in the field, most probably caused by 
the fact the we only see red giant cluster stars. This is very similar 
to the above discussed maps of FSR 1716. The south-eastern corner 
of the mosaic seems to possess a slightly smaller number of stars. 
We hence chose the western side of the image as the control field. 

About 40 % to 45 % of the stars in the cluster area remain after 
the decontamination procedure. The decontaminated CMD of the 



cluster shows a well populated RGB/AGB (see Fig.[T2l)- There is 
a peak in the K-band luminosity function at about K = 14 mag (see 
Fig. lA2L which is interpreted as the core helium burning objects. 
The slope of the RGB is best fit using a metallicity of Z = 0.004, 
but as for FSR 1716 a range from Z = 0.001 to 0.008 can in prin- 
ciple explain the data. There are no main sequence stars detected, 
hence the age cannot be constrained. Using the detection limits of 
our photometry, we find that the age has to be larger than 2 Gyr. In- 
deed, we can increase this limit to an age above 8 Gyr, since such an 
age can better explain the CMD and CCD simultaneously. Slightly 
depending on the age, the distance to the cluster is 8.5 kpc and the 
reddening Ak = 0.7 mag. The used dust properties are (3=\.6. The 
uncertainty for the distance estimate is 500 pc, including the 
fact that we only have a lower limit for the age. The K-band 
extinction can be estimated within 0.05 mag. These results are 
in agreement with the parameters published for FSR 1735 in Froe- 
brich et al. (2007a). The differences in the determined parameters 
are entirely due to the assumed age of 12 Gyr in the earlier publica- 
tion. We have also remeasured the core radius of the cluster. Using 
the RDP fFig.lB71l it is determined as 0. 95 pc, v irtually identical to 
the value determined in Froebrich et al. (l2007ah . 



3.13 FSR 1754 

The image of this field shows no apparent overdensity of stars in the 
area of the cluster candidate. This is confirmed by the SDM, which 
is virtually flat in and around the object's position (see Fig.[T3]). The 
southern and western parts of the mosaic show a smaller number 
of stars. The REM indicates significant differences in the average 
colour of the stars in this area, caused by foreground clouds. We 
hence chose the eastern part of the image as the control area. 

Only about 10% of the stars remain after the decontamina- 
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Figure 14. As Fig.[T]but for the cluster candidate FSR 1767. The plotted 
isochrone has log(age) = 9. See text for other parameters. The upper com- 
pleteness limit in the CMD indicates the 2MASS limit. Clearly no isochrone 
can fit all the data. 



tion. In the CMD they seem to show a populated giant branch 
(see Fig.[T3]). However, the slope would require metallicities in ex- 
cess Z = 0.03 to fit. Furthermore, the positions of the stars in the 
CCD is not in agreement with the proposal of a giant branch. Es- 
pecially the fainter stars are too close to the bottom of the red- 
dening path. Furthermore, dust properties of (3 < 1.4 would be re- 
quired to fit the stars with a single isochrone in CMD and CCD. 
The isochrone in Fig.[T3]is plotted to clarify this argument and has 
the following parameters: Z = 0.03, (3=\.6, log(age) = 9, d = 10 kpc, 
and Ak = 0.8 mag. We conclu de that FSR 1754 is not a cluster. This 
partly agrees with Bica et al. who classified this object as 

an uncertain candidate. The two main sequences in their analysis 
of 2MASS data are not evident in our analysis. In particular, the 
blue sequence disappears in our decontaminated CMD, most prob- 
ably caused by a better choice of the control field (which is impor- 
tant given the large fluctuations visible in the SDM and REM - see 
Fig.ini). 



3.14 FSR 1767 

There is no apparent overdensity of stars in the image of the field 
around the cluster candidate. The SDM shows, however, a small 
increase in stellar numbers. In the REM we find that the cluster 
area suffers from less extinction than the south-eastern part of the 
mosaic. We have therefore chosen the western part of the image as 
control field. 

The cluster was classified by Bonatto et al. (l2007h as a globu- 
lar cluster. With its parameters, [Fe/H] = -1.2 dex. Ay = 6.2mag and 
a distance of only 1.5 kpc it would be the 2^^ close st globular clus- 
ter after FSR 0584 (d= 1.4 kpc, Bica et al. (120071) ). whi ch is s till 
under debate. The analysis of FSR 1767 in Bonatto et al. toot IS 
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Figure 15. As bottom panel of Fig.[T4] but using an isochrone with the 
cluster parameters for FSR 1767 as suggested by Bonatto et al. (2007); 
Age= lOGyr, Z = 0.001, d= 1.5kpc, A^ =0.62 mag. Clearly this isochrone 
does not fit the data. 



based on 2MASS data (the upper detection limit in Fig.[T4land[T5]) 
and proper motions. Only a small number of cluster red giants has 
been found, and the upper end of the main sequence has been iden- 
tified. With our much deeper images, we should be able to detect 
the main sequence star s dow n to lower masses and thus verify the 
claim of Bonatto et al. (l2007h that this object is a globular cluster. 

After decontamination only about 10% of the stars remain 
in t he clu ster candidate area. The stars identified in Bonatto et 
al. (l2007h as upper main sequence stars are also identifiable in 
the CMD from our data (see Fig.[T4l). However, overplotting an 
isochrone with the given cluster parameters (and assuming an age 
of about 10 Gyr) implies that the main sequence should continue to- 
wards fainter magnitudes and slightly redder colours (see Fig.[T5ll. 
Nothing like this is identifiable in our data. There is a second group 
of stars above our detection limit (the lower line in Fig.[T4l) remain- 
ing in the CMD. We could interpret these as the top of the main 
sequence and the original group of stars as giants. A fit in the CMD 
(see Fig.[T4l) is then possible using an age of about 1 Gyr, a red- 
dening of Ak = 0.5 mag and a distance of 6.5 kpc. However, in the 
CCD we clearly see that the two groups of stars cannot be fit by a 
single isochrone, since they possess different extinction values. We 
have to conclude that based on our deeper observations, FSR 1767 
is not a globular cluster. It does not appear to be a stellar cluster at 
all, but rather a locally decreased amount of extinction mimicking 
a stellar overdensity. 



4 DISCUSSION 
4.1 Uncertainties 

4.1.1 Photometry 

The nature of our observations, stellar clusters in crowded fields, 
implies that the photometry suffers from relatively large errors. To 
ensure an as small as possible influence of these uncertainties, we 
used only the most reliable stellar magnitudes and colours for the 
analysis of the CMDs and CCDs. Only stars with quality flags from 
the Source Extractor software (Bertin & Arnouts (1996)) better 
than 3 are used (except for FSR 1735, were a flag better than 4 was 
chosen due to the very large crowding and hence small number of 
stars with a quality flag better than 3). Furthermore, the complete- 
ness limit in the cluster fields will be at brighter magnitudes than in 
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Table 1. Measured properties of the clusters investigated in this paper. We list the FSR number, Right Ascension, Declination (J2000), determined age, K-band 
extinction Ak, distance d, metallicity Z, radius r, classification, and notes. Positions taken from: ^ Froebrich et al. (2007b); ^ Froebrich et al. (2007a); ^ 
Bonatto & Bica (2007b); Kronberger et al. (2006); ^ measured in this paper. The classifications stand for: NC - not a cluster; OC - open cluster; YOC - 
young open cluster (age < 100 Myr); GC - globular cluster; ? - classification uncertain; * If the clusters is very old (12Gyr) the distance can be as small as 
5kpc; ** Metallicity is assumed to be solar; *** Uncertainty of the radii is 20 %; **** Radius could not be determined. 



Name 


a (2000) 


(5(2000) 


Age [Gyr] 


Ak [mag] 


d [kpc] 


Z 


r [pc]*** 


Class. 


Notes 


FSR 0002 


17:32:32^ 


-27:03:51^ 












NC 




FSR 0023 


17:57:35^ 


-22:52:32^ 












NC 




FSR 0088 


18:50:381 


-04:11:17^ 


0.5±0.3 


0.5±0.05 


2.0±0.3 


0.019** 




OC 




FSR 0089 


18:48:39^ 


-03:30:343 


1.0±0.3 


1.0±0.05 


2.2±0.3 


0.019** 




OC 


confirms Bonatto & Bica (2007b) 


FSR 0094 


18:49:501 


-01:02:551 












NC 




FSR 1527 


10:06:32^ 


-57:24:521 












NC 




FSR 1530 


10:08:58.3^ 


-57:17:11^ 


^0.004 


0.9±0.05 


9 c+0.5 
^•^-1.0 


0.019** 


0.15 


YOC 




FSR 1570 


11:08:40.6^ 


-60:42:50^ 




0.8±0.05 


6.0±1.0 


0.019** 


0.35 


YOC 


confirms Pasquali et al. QOO^ 


FSR 1659 


13:38:01^ 


-62:27:551 












NC 




FSR 1712 


15:54:46.3^ 


-52:31:47^ 


0.8ig-j" 


1.4±0.1 


1.8±0.3 


0.019** 


0.20 


OC 




FSR 1716 


16:10:29.0^ 


-53:44:485 


>2 


0.57±0.05 


7.0±0.5* 


004+°°°^ 

U.UU^_Q QQ3 


0.90 


OC/GC? 




FSR 1735 


16:52:10.62 


-47:03:292 


>8 


0.7±0.05 


8.5±0.5 


004+°°°^ 

U.UU^_Q QQ3 


0.95 


GC? 


confirms Froebrich et al. (2007a^ 


FSR 1754 


17:15:01^ 


-39:06:071 










NC 


partly confirms Bica et al. QOO^ 


FSR 1767 


17:35:43^ 


-36:21:281 












NC 


conflicts with Bonatto et al. (2007) 



the control fields. Thus, we only include stars in the analysis which 
are above the completeness limit in the cluster areas. This is also 
the limit indicated in all the CMDs. 

The observed scatter in the CMDs and also CCDs can thus be 
attributed to a number of causes, i) uncertainty in the photometry 
due to crowding; ii) scatter in the calibration due to the low spatial 
resolution of the 2MASS data; iii) small scale variable extinction 
towards the stars (Ay varies up to 0.5 mag from pixel to pixel in the 
fields close to some of the cluster candidates); iv) unresolved bina- 
ries; Given all those sources of error, the observed scatter in colour, 
for stars in a cluster with the same magnitude, of about 0.2 mag to 
0.4 mag is understandable. 



4.1.2 Cluster Parameters 

In most cases the metallicity could not be determined. For all clus- 
ters with a fitted age below a few Gyr we assume a solar metallicity. 
We hence labeled the metallicities of these clusters with ** in Ta- 
blelU In the cases of the two old clusters, FSR 1716 and FSR 1735, 
the metallicities that fit the data range from Z = 0.001 to Z = 0.008 
and the best fitting value of Z = 0.004 is listed in Table[T] 

The determined values for extinction, distance and age are all 
dependent on each other in a systematic way. By changing one pa- 
rameter slightly we will still be able to generate a good fit by ad- 
justing the other two parameters. This is, however, only possible 
within a certain range, outside which it becomes impossible to fit 
CMDs and CCDs simultaneously. Typically the age of the clusters 
can be constrained by better than a factor of two, the K-band ex- 
tinction to within 0.05 mag, and the distance within 20 %. Table[T] 
contains the uncertainties for the main parameters of the indi- 
vidual clusters. 

The determined radii of the clusters vary dependent on which 
of the random realisation of the decontamination processes we use. 
Generally, for the cluster candidates with a high contrast between 
cluster area and field, the fitted radii vary by about 20 %. For the 
cases with a low contrast, inconclusive results are obtained, and the 
values in the Table[T]are marked by ****. The star density in the 
cluster centre is also highly uncertain, since it depends on: i) We 
only used stars with reliable photometry, hence we will miss more 
stars towards the cluster centre; ii) The completeness limit in the 



cluster centre differs from the control field, hence more stars are 
removed during the decontamination procedure. We hence refrain 
from listing the central star densities in Table[T] 



4.2 General FSR cluster properties 

A considerable number of clusters from the original FSR list have 
now been analysed in more detail by a variety of authors. Here 
we provide a brief summary of these investigations to date and a 
discussion of the properties of these new star clusters. 

We have summarised the properly classified FSR clusters in 
Table lDll The table lists the FSR catalogue number and other iden- 
tifications. Right Ascension and Declination (J2000), galactic co- 
ordinates, determined distance, K-band extinction, age, and metal- 
licity. Furthermore we list the inferred position in the Galaxy, a 
classification, and the references where the values are taken from. 
TablelE II lists the FSR cluster candidates that have been investi- 
gated in detail but their nature could not be established, or they 
are classified as not being a stellar cluster. In these cases only the 
FSR number, other identifications, the coordinates, classification, 
and references are listed. 

So far 74 FSR cluster candidates have been investigated in 
more detail. For 38 of these clusters parameters could be deter- 
mined. Another 3 are embedded clusters with no parameters, 23 
are not clusters, and 10 are uncertain cases. We cannot attempt to 
determine the contamination of the FSR sample from this statistics, 
since the investigated cluster candidates are not selected in an unbi- 
ased manner. There are, however, studies th at have selected all FSR 
object s within cert ain are as (Koposov et al. (l2008h . Bonatto & Bica 
(l2008h . Bica et al. These studies determine contamination 

rates between 40 and 60 %, in agreement with the original estimate 
of about 50 % in Froebrich et al. (l2007bh . 

Out of the now classified FSR clusters, 8 are young open clus- 
ters with ages below 100 Myr (this includes the 3 embedded clus- 
ters with no determined parameters). A fraction of 50 % of the clas- 
sified clusters have ages of more than 1 Gyr, and 20 % have ages 
above 2 Gyr. This has increased the sample of known old open clus- 
ters. In particular the FSR list revealed 7 old open clusters inside 
the solar circle, significantly enhancing the known number of these 
clusters. 
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Xgc [kpc] Xgc [kpc] Xgc [kpc] 

Figure 16. Distribution in the Galactic Plane of known old (age > 1 Gyr) OCs (left), classified FSR clusters (middle), and known GCs (right). The blue 
square marks the position of the Sun. The red triangles in the middle panel represent the FSR GC candidates, crosses the old (age ^ 1 Gyr), and squares the 
young (age < 1 Gyr) OCs in the FSR sample. We assumed a galactocentric distance of the Sun of 8 kpc. 




0.4 0.8 1.2 1.6 0.4 0.8 1.2 1.6 1 2 
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Figure 17. Distance to the Galactic Centre (Rqc) vs. height above the Galactic Plane (2;gp) of known old (age > 1 Gyr) OCs (left), classified FSR clusters 
(middle), and known GCs (right). The black vertical line marks the position of the Sun, the blue diagonal line represents the maximum height above the plane 
for a given distance from the centre. The red triangles in the middle panel represent the FSR GC candidates, crosses the old (age ^ 1 Gyr), and squares the 
young (age < 1 Gyr) OCs in the FSR sample. We assumed a galactocentric distance of the Sun of 8 kpc. The dotted box in the right panel marks the region 
shown in the left and middle panel. 



In Figs.[T6]and[T7] we show the distribution of the classified 
FSR clusters in the Galaxy, and how they compare to the sample 
of known old (age ^ 1 Gyr) open clusters (taken from WEBD^EI) 
and known globular clusters (taken from Harris (Il996h ). We plot 
young and old open clusters and globular cluster candidates among 
the FSR objects using different symbols. Despite the unknown se- 
lection effects in the sample of properly classified FSR clusters, a 
number of trends are evident: i) There is a large fraction of old open 
clusters in the sample. This includes old clusters inside and outside 
the solar circle and with distances of more than 1 kpc from the Sun. 
The complete FSR list will significantly increase the number of 
known old open clusters, ii) Two of the globular cluster candidates 
(FSR 1716, 1735) nicely follow the distribution of the known glob- 
ular clusters in the Milky Way. iii) The 1 di 3 'missing' globulars 
near the Galactic Centre (Ivanov et al. are not contained 

in the FSR list. These clusters are either really not there, hidden 
behind very dense clouds, or intrinsically faint. Given the fact that 
we detected FSR 1735, the number of intrinsically bright globular 
clusters near the Galactic Centre that have been missed by the FSR 
survey is very small. 



^ |http : //www . univie . ac . at/webda/] 



5 CONCLUSIONS 

We have properly (re) -classified 14 star cluster candidates from the 
list of Froebrich et al. (l2007bh . We utilised new deep NIR photome- 
try obtained at the NTT. Star density maps, extinction maps, colour- 
magnitude diagrams, and colour-colour diagrams, facilitated by ra- 
dial star density profiles and luminosity functions were used for 
the analysis of the individual objects. Seven FSR cluster candidates 
are found to be real stellar clusters, seven candidates are only star 
density enhancements. 

Out of the seven classified star clusters, we have identi- 
fied two young clusters with massive stars (FSR 1530, FSR 1570 
- investigated also by Pasquali et al. (2006)); three intermedi- 
ate aged open c lusters (FSR 0088, FSR 0089 - confirms Bonatto 

6 Bica (l2007bh . FSR 1712); and two globular cluster candidates 
(FSR 1716, FSR 1735 confirms Froebrich et al. (l2007ah ) with well 
populated giant branches. 

We show that 2MASS data alone can sometimes be misleading 
or insufficient when classifying (globular) cluster candidates. Our 
analysis of deep high spatial resolution photometry is superior in 
some cases, especially for cluster candidates in crowded fields near 
the Galactic Plane. One particular example is the cluster candidate 
FS R 1767 . It has been classified as a globular cluster by Bonatto et 
al. (l2007h . Our new data shows that their interpretation of the insuf- 
ficient 2MASS data is incorrect, and we conclude that FSR 1767 is 
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not a globular cluster. Most probably this object is just an apparent 
stellar overdensity caused by a locally decreased amount of extinc- 
tion, mimicking a stellar cluster. 

So far a total of 74 cluster candidates from the FSR list (con- 
taining 1021 candidate clusters) has been analysed in detail. The 
statistics points to a contamination of the FSR sample with stel- 
lar overdensities of 40% to 60%, in agreement with the original 
estimate of Froebrich et al. (l2007bh . A large fraction of the so far 
investigated FSR clusters have turned out to be old stellar clusters 
with ages above 1 Gyr. This significantly increases the number of 
known old clusters, in particular inside the solar circle. Mining the 
FSR catalogue for such type of clusters has the potential to pro- 
vide new insights into long-term cluster evolution and the associ- 
ated physical processes. 
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Figure Al. One realisation of the K-band luminosity function of the decon- 
taminated cluster area of FSR 1716. 
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Figure A2. K-band luminosity function of the decontaminated cluster area 
of FSR 1735. 
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Figure Bl. One realisation of the K-band RDP (dots, red line) of the de- 
contaminated region of FSR0088. The solid black line represents the best 
fit using a core radius of 15". The dots are RDP points more than 2a away 
from the general profile, and are hence not used in the fit. 



Figure B3. As Fig.|BT]but for FSR 1530. The soHd black line represents the 
best fit using a core radius of 1 1.5". 



150 



150 




I \ \ \ \ \ 

50 

Radius [arcsec] 



Figure B2. As Fig.|BT]but for FSR 0089. The soHd black line represents the 
best fit using a core radius of 11". 

APPENDIX B: K-BAND RADIAL STAR DENSITY 
PROFILES 
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Figure B4. As Fig.|BT]but for FSR 1570. The soHd black line represents the 
best fit using a core radius of 12". 
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Figure B5. As Fig.|BT]but for FSR 1712. The soHd black line represents the 
best fit using a core radius of 24". 
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Figure B6. As Fig.|BT]but for FSR 1716. The solid black line represents the 
best fit using a core radius of 26.5". 
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Figure B7. As Fig. lBll but for FSR 1735. The solid black line represents the 
best fit using a core radius of 23". 
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Figure CI. Grey scale representation of the K-band mosaic of cluster can- 
didate FSR0002. The image size is about 1 1.7' x 1 1.7', north is up and east 
to the left. The cluster candidate is positioned in the upper left part of the 
mosaic. 




Figure C2. As Fig.[cT]but for the cluster candidate FSR0023. 



APPENDIX C: K-BAND IMAGES OF THE CLUSTER 
CANDIDATES 




Figure C3. As Fig.[cT]but for the cluster candidate FSR0088. 




Figure C4. As Fig.[cT]but for the cluster candidate FSR0089. 
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Figure CIO. As Fig.lcTlbut for the cluster candidate FSR 1712. 



Figure C12. 



I. As Fig.[cT]but for the cluster candidate FSR 1735. 
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Figure C14. As Fig.|cT]but for the cluster candidate FSR 1767. 
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APPENDIX D: PARAMETERS OF PROPERLY CLASSIFIED FSR CLUSTERS 
APPENDIX E: LIST OF OTHER INVESTIGATED FSR CANDIDATES 
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Table Dl. Summary of the properties of all FSR clusters analysed in detail so far and that are clearly star clusters. The table lists: FSR number and other 
identifications, Right Ascension, Declination (J2000), Galactic Coordinates (IJd), Distance d. Extinction Ak, Age, Metallicity Z, Galactocentric Distance 
i?GC' Distance above the Galactic Plane 2;gp, Classification, and References. The classifications stand for: OC - open cluster; YOC - young open cluster (age 
< 100 Myr); GC - globular cluster; ? - classification, or parameter uncertain. We assumed a galactocentric distance of the Sun of 8 kpc. 

Reference 



Name(s) 


OL \Zaj\j\j) 


(^Z,\JU\J) 


L 





CL 




Age 




^GC 
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FSR 0031 


18:06:29.0 


-21:22:33 


8.9062 


-0.2680 


1.6 


0.5 


1.1 


0.019? 


6.4 


-7.5 


OC 


FSR 0070 


19:30:02.0 


-15:10:01 
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OC 


FSR 0124 


19:06:52.0 
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Table El. Summary of the properties of all FSR clusters analysed in detail so far and were the classification is unclear, no parameters are derived or which are 
clearly not star clusters. The table lists: FSR number and other identifications, Right Ascension, Declination (J2000), Galactic Coordinates (l,b). Classification, 
and References. The classifications stand for: NC - not a cluster; OC - open cluster; EC - embedded cluster; ? - classification uncertain. 
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